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I N T R O D U C T I O N  
The study of motor lvibricating oils is practically 
a virgin topic at Prairie View College. Two attempts 
have been made to test the properties of motor lubri­
cating oil here. Phe first experiments were made by 
Mr. R. P. Perry, Head of the Department of Natural Science; 
the second by Mr. Maynor Catchings, in 1934, a graduate 
of Prairie View. Due to time and occupations of those 
interested and seeking information, the final results 
were never obtained. In a third attempt the author has 
started from the beginning and made a study of the most 
important chemical and physical properties of motor 
lubricating oils. Without oil all types of machinery 
which now serves the purposes of man would not be of 
service. 
Lubrication is the basic purpose of oil because it 
reduces the wear on the moving parts of machinery. 
Products of oil such as colors, asphalt, tar, greases-, 
and gums are only by-products. 
The following will discuss and give data on all 
the physical and chemical properties of oil studied. 
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The discussion will also contain the results of experi­
ments and data on the properties. 
For complete information, the reader is referred to 
the bulletins and statistics of the Bureau of Mines, 
the extensive compilations of Bacon and Hamor, American 
chemists employed in the Bureau of Mines to study oils, 
and the information published from time to time in the 
trade journals, on the subject. 
Oils have different characteristics according to the 
region in which they are found. The following are the 
nine most important petroleum fields in the United States. 
The Appalachian field, which embraces New York, 
Pennsylvania, West Virginia, and Tennessee, in 1918 was 
THE APPALACHIAN FIELD producing approximately seven 
percent of the country's crude oil, ^he Appalachian 
oil has a paraffine base and a high gravity and has 
never been equaled from the standpoint of value of 
products derived from it. It is practically free of 
sulphur and asphalt and presents no difficulties to the 
refiners. The reputation of Pennsylvania oil for high 
grade lubrication i3 the best. 
The Lima-Indiana field covers western Ohio and 
Indiana, For many years it was almost impossible for 
LIMA-INDIANA FIELD Lima oils to compete on the market 
due to their small content of asphalt and high sulphur 
content which necessitated expensive refining methods# 
Another reason why it could not compete on the market 
was due to it's disagreeable odor and poor burning 
qualities# Improved refining methods finally over­
come the difficulties and enabled the refiners to turn 
out excellent products. 
ILLINOIS FIELDS The Illinois crude contained a paraffine 
base, and some asphalt matter. It also contained sulphur 
although not to the same large extent as in the Lima 
Indiana oils# 
MID-CONTINENT FIELD The Mid-Continent field takes in 
the territory of Oklahoma and Kansas, and the crude there 
from exhibits a wide range of characteristics. 
PANHANDLE OIL FIELD Oils from the Panhandle of Texas 
are of mixed base and fairly light in gravity. They are 
generally classed with the Mid-Continent crudes# Central 
and North Texas oils are generally of paraffine base and 
are low in sulphur, ^hey compare favorably with the 
Mid-Continent crudes. 
The Louisiana crudes from the Northern part of 
the state are similar to those of North Texas, The 
Southern Louisiana crudes are usually of asphalt 
LOUISIANA CRUDES base and are sulphur bearing. 
Gulf Coast crudes are heavy and of asphalt base 
They have verying amounts of sulphur, some of the 
GULP COAST CRUDES oils ranging higher in this con-
3tituent than the crudes from the Lima-Indiana field 
They are, however, more easily treated than the Lima 
Indiana crudes* 
Wyoming oils are of paraffine base with some 
asphaltic matter present. Sulphur occurs to a con-
WY"OMING OII£> siderable extent in these oils which 
have a high asphalt content, The production of this 
field is steadily increasing. 
Last are the California oils. These oils are 
generally characterized as heavy and asphaltic, 
CALIFORNIA OIL FIELD though oils of fairly high 
gravity, and also oils containing paraffine, have 
been discovered, '^he pools vary considerably and a 
general classification would be difficult. The 
asphalt content is higher than in any other field of 
this country. Sulphur is present in varying quantities. 
In addition to the above regions, petroleum has 
been found in Michigan, Alabama, New Mexico, and 
Alaska. 
While the fields may be classified in the above 
general manner, too much emphasis cannot be placed 
upon the fact that samples from the same field will 
often show great variations, and equally wide variation 
may occur in the products that may be obtained from 
them. 
P U R P O S E  
The purpose of this thesis is to give a brief 
study of American lubricating oils, to show the 
motorest of the importance of the compounds and ele­
ments that make a good motor oil. '^'hey are many com­
pounds and elements in a good motor oil. When they 
are not mixed or united in the proper quantities 
cause the quality of the motor oil to be reduced to 
a point that is unsafe to use in an automobile. 
Poor lubricating oil causes any machine to wear very 
rapidly. 
This discussion will be limited to the products 
of three of the most important oil refining companies 
in the United States, '^he products meet the require­
ments specified by the Bureau of American Standards 
1 
and Society of American Engineers. The correctness 
of the data secured will lie in the conditions that 
prevailed in ths laboratory of it*s orgination and 
the technique used in the procedure. 
Society of American Engineer, is an organization 
of the representatives of automobile producers, 
who set the standards for material to be used in 
cars. 
H I S T O R Y  
For many years man found no use for oil in any 
large quantity. Small quantities of the aoal oil 
found in the crude oil were used to burn in lamps. 
Previous to this time animal fats had been used. 
Other than the use of coal oil, oil was of no use to 
man. Oil in its natural state had many undesirable 
physical properties which added to the reason for 
it not being used. Therefore, man could not use it 
until later he discovered a method of refining the 
crude oil. 
The famous Drake well was drilled, in a small 
town in Pennsylvania, in 1859, which marked the begin-
1 
ning of the American petroleum industry. 
In the years from 1853 to 1858 the distillation 
of coal for illuminating and lubricating oils was 
used quite extensively in the United States, between 
fifty and sixty refineries being built. The plants 
followed the Scotch and English practice of the day. 
^"Bell, American Petroleum and Refining, p. 1 
Inspired by the popularity of these products, Samuel 
Kier, a Pittsburgh druggist, using a crude adoptation 
of the coal oil industry's apparatus, started the 
distillation of petroleum. His product was rapidly 
absorbed locally, and in 1858 the coal refiners were 
tempted to try "Rock Oil" in their apparatus, Luther 
Atwood and Joshua Merrill, still famous in the industry, 
were favorably impressed and the incentive was soon 
presented for the first undertaking with petroleum 
Itself as the subject matter. 
Accordingly, t he Seneca Oil Company was formed 
in 1862, It acquired the rights of a previously 
organized concern, the Pennsylvania Rock Oil Company, 
The latter company had never succeeded, apparently 
from the lack of confidence as to probably financial 
return. The impetus afforded by the prospect of 
2 
treating petroleum in the coal oil refineries were 
all that was needed. In August, 1859, Drake's well 
3 
"came In", 
^"Rock Oil" was the name given to petroleum because 
It came from r ock beds of the earth, 
g 
Coal oil was the name given to oil produced from the 
distillation of coal, 
"Came in" was a saying when an oil well first produced 
oil, meaning the oil came in. 
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The past sixty years has built a sharp con­
trast to this humble beginning of such an industry# 
Today this country is producing petroleum at the 
rate of 850,000,000 barrels a year, having a value 
in excess of that of any of our other mineral products# 
In recent years much has been written concerning 
our depleted petroleum resources# For several years 
prior to 1920, the consumption of products exceeded 
the production of crude oil# The excess was especially 
great during the World War and during the industrial 
boom immediately following. The resulting high prices 
of crude oil greatly stimulated work in this field and 
subsequently discoveries of new pools in proven fields 
and even of oil in entirely new fields. Late in 1920 
and in 1921, a general depression of industry led to 
oil production in excess of consumption with a sharp 
drop in crude oil prices# Unfcr tunately, the fluct­
uation of production follows those of consumption 
rather tardily# ^his is on account of the necessity 
of finishing drilling projects under way. The re­
sult is that the production from these projects begins 
when consumption i3 already decreasing. On the other 
hand, when consumption is increasing, there is always 
- ID 
delay before new well3 can be financed and drilled, 
and production started. 
Also the last few years have shown that, given 
the incentive, production can be spurred up to keep 
pace with consumption for many years to come# Never­
theless, the warnings of competent geologists should 
be heeded. Various estimates as to the oil supply 
have been advanced. 
In 1926 the Federal Oil Conservation Board in a 
preliminary report stated that: "The total present 
reserves in pumping on flowing wells in proven sands 
has been estimated at about 4,500,000,000," Deeper 
drilling, new fields and better methods of extract­
ing will all have an effect to greatly increase this 
estimated figure. 
In 1359 the census reports reveal that there 
were seventy-eight refineries, '^'his number had in­
creased to four hundred seventy-three by January 1, 
1927, 
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SPECIFICATIONS OF MOTOR LUBRICATING OIL 
As all other products that are sold on the 
market have certain standards that they must come up 
to in order to be sold, so does oil. The American 
Standard, The Bureau of Mines in the United States, 
and the Society of American Engineers have set the 
standards that oil must have to be sold as a standard 
product on the market. 
These organizations after testing many samples 
of various kinds and grades of oils came to an agree­
ment upon the amount of each element and compound 
that an oil must have in order to be a good oil. 
These organizations agreed that no oil for 
lubricating an automobile should have a boiling point 
below 350°F but as high above It as the producer 
pleased. The freezing point should be far below the 
temperature of any climatic condition in which it 
must be used. Specific gravity of the oils ranged 
from .7684 to .9960. Acidity of an oil is never to 
be more than .05 percent. The carbon residue or 
carbon should not be greater than 2 percent. One 
percent is very much desired. 
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METHODS USED 
The data and material for this thesis were secured 
by the process of experimentation in the laboratory# 
Articles published monthly in magazines, pamphlets, 
and books that the author was able to obtain during 
the search of material upon the subject were used# 
The methods used in the test were those most 
closely related to the actual conditions that pre­
vail during the process of lubrication# Simple pro­
cedure and apparatus that are specified as standard 
by the Bureau of Standards for Oils in the United 
1 
States# 
The tests made were as follows: 
2 
1# Boiling Point 2. Freezing Point 2 
3# Viscosityp 4# Specific Gravity 
5# Cold Test 6# Flash and Fire 
7# Carbon Residue 8# Acidity 
Three experiments were made for each test. This was 
a check for accuracy and to observe changes under 
different conditions# 
A department in the Bureau of Mines for the test­
ing of oils# 
2 These tests were not possible due to the lack of 
apparatus, but full procedure for them is given# 
- 13 -
The specimens were taken from three standard 
oil refining companies in the United States. One 
oil was taken from each company. The oils are dis­
tinguished by the letters A, B, and C. They will 
bear these designations through out thesis. 
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DESCRIPTION OP APPARATUS 
In a laboratory experiment the apparatus is one 
of the most important things, because when the apparatus 
is properly set up or assembled the desired results 
are easily obtained. The author in the describing 
of the apparatus has but a picture of the apparatus 
of each experiment in this discussion, to enable the 
reader to see clearly the proper way each piece must 
be placed. Figure 1 shows apparatus used for determin­




Figure 2 shows the apparatus 





Figure 3 shows the 





Figure 4 shows the 
apparatus used in 






Figure 5 shows the 
apparatus used in 
determining the cold 
test. 
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Figure 6 shows the 
apparatus used in de­
termining the Flash 




Flash and Fire 
Figure 7 shows the 
apparatus used in 
determining the 
acidity of oil. 
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Figure 8 shows the condradson carbon residue 
apparatus consisting of a porcelain crucible, Shed-
more iron crucible ( 55 mm, in diameter by 35 mm high) 
with one hole in the cover 
left open a larger iron crucible 
(88 mm# by 70 mm# high) with cover, 
a stone ring heat distributor, 
and hood# The crucibles are 
placed inside each other which 
is not shown in picture. 
The apparatus was assembled as 
shown in the picture. A des­
cription of the way the oil 
was tested with the apparatus 
was discussed in the test 
procedures, and the data 
recorded in the discussion 





The oil was placed in the apparatus as shown 
figures 1 through 8 and test were made as follows: 
The test for the boiling point which is one of the 
most important tests was the first experiment. Oil 
BOILING POINT that has a low boiling point is very-
dangerous to a motor because when an oil reaches its 
boiling point it has a tendency to break down in its 
composition and not fulfill its purpose as a lubricant, 
thereby, leaving the metals to come In contact wLth each 
other and wear away. For this reason the boiling point 
was carefully considered. 
To test the boiling point the Cleveland open cup 
method was used. 50 CC of oil were placed in the cup, 
which had a thermometer suspended in the cup midway 
between the center and inside edge of the cup. Ihe 
oil was poured into the cup until the bulb was entirely 
submerged in the oil. It was heated by a direct flame 
rapidly at first, but slower as the boiling point was 
reached, when the temperature was carefully noted for 
the b oiling point. 
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Test two was the determination of the freezing point 
of the oil. This test was considered important due 
FREEZING POINT to the fact that during the winter 
months of the year, when low temperatures prevail which 
cause the oils to have a stiffening effect or, one 
might say make it flow very slow giving the metal a 
chance to wear before the oil gets to all the parts to 
prevent it. The results for this test were unattain­
able, because of the lack of apparatus. 'i'he pieces 
of apparatus were, a thermometer which would record 
temperatures below sixty degrees of zero. 
The third test was for viscosity. The author con­
sidered this the most important test of any undertaken 
VISCOSITY in this experiment. It was not successful 
due to the lack of proper apparatus, a Saybolt Viscosimeter. 
A viscosity tube was tried, but the high capillary 
attraction of the oil rendered this set-up useless. 
Test four was specific gravity. The specific 
gravity is influenced by physical factors and by 
SPECIFIC GRAVITY chemical composition of the oil. 
The American petroleum varies in specific gravity from 
.7684 to .9960. 
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The Mohr Balance was used in this experiment 
because it is the most appropriate method to use on 
light and medium oils# It combines in a satisfactory 
manner both convenience and accuracy. 
It is provided with a beam graduated by notches 
into ten equal parts with the pltunmet attached in 
air. The pointer should stand at zero. The heaviest 
weight placed on the hook at the end of the beam that 
is located at what would be equivalent to the tenth 
notch will exactly counterbalanced the plummet when 
suspended in distilled water at sixty degrees P, The 
pointer should swing equal distances above and below 
the zero point or come to a rest at zero when adjust­
ing the balance with the plummet in water. The other 
three weights are respectively equal to l/lO, l/lOO, 
and 1/1000 of the weight of the largest one, hence their 
positions on the beam give reading directly in four 
decimal places. 
In testing the oils the plummet was immersed so 
that on the upward swing it would not come above the 
level of the oil, ^he temperature of the oil was care-
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fully taken and when different from 60 degrees F«, 
the specific gravity reading was corrected by Charles 
and Boyles' method. The reading of the weights was 
taken directly from their positions on the beam in the 
order of their size, 
^he cold test which plays a very important factor 
in the properties of lubricating was not made because 
COLD TEST of the lack of apparatus to get extreme low 
temperatures, necessary to make the determinations for 
this experiment. 
Another portion of the oil was taken to determine 
the Flash and Fire point, ^he Cleveland open cup 
FLASH AND FIRE tester is very suited for determining 
the flash point and also the fire points of lubricating 
oils. It has been adopted as standard by the American 
Society for Testing Materials, 
The metal cup holding about 50 cc, was supported 
on a tripoid and heated directly without sand bath or 
outer cup, A thermometer was suspended in the oil 
midway between t he center and the inside edge of the 
cup, The bulb was within of the bottom and entirely 
submerged in the oil. The bulb for this purpose being 
3/8 and 5/8 inches in length. 
- 23 -
The oil was heated by a direct flame at first, 
but slower as the flash point was approached. A test 
was made for every five degrees rise in temperature. 
The flame for testing was supplied from a glass capillary 
and was a small bulb like flame about l/8" in length. 
It was passed slowly across the center of the cup 
above the surface of the oil, and occupying one second 
in the passage. The temperature when a flame first 
jumped from the test flame to the oil is called the 
flash point. Subdued light and freedom from drafts 
are essential to satisfactory results• After the flash 
point has been obtained the fire point was found by 
continuing the heat till a flame is produced which 
continues to burn as long as the oil Is at this 
temperature or above, ^his temperature is designated 
as the fire point. 
The one thing that motorist and engineers dread 
is the carbon deposits which are found in motors which 
CARBON RESIDUE have been run for a long period of 
time. The carbon residue deposit of the oil was de­
termined by the use of the Conradson Carbon Residue 
Apparatus• 
Ten cubic centimeters of oil were weighed into 
a 25 cc. porcelain crucible which placed Inside of 
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a Shedmore Iron crucible approximately 55 mm. In 
diameter by 35 mm. high with one hole In the cover 
left open, xhese two were placed inside of a second 
iron crucible approximately 80 mm. in diameter by 70 
mm. high, having a cover, '-L'hese were placed on a 
tripoid and covered with a hood in such a manner that 
the heat was distributed evenly on all sides. 
Heat was supplied from a bunsen burner using a 
large flame at first which enveloped the large crucible. 
When the vapor from the oil started to ignite above the 
crucible the flame was reduced so that the vapor came 
off at a uniform rate, burning at a point of about five 
centimeters above the large crucible. After the vapors 
ceased being given off, the flame again was Increased 
and heated as at first for about 5 minutes. Ihe bottom 
of the large crucible was red hot. ^he temperature 
was allowed to reduce before opening, the porcelain 
crucible was removed to a desicator, cooled, and weighed. 
The deposit was then calculated as to the percentage 
of the original sample and designated as carbon residue 
from the Conradson test. 
Lubricating oils should be free from sulphuric 
acid used in refining and free also from sulphanatte3 
ACIDITY resulting from treatment wL th acid for 
removal or -unsaturated hydrocarbons. Fatty acids from 
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the oils used in compounding, if present in small 
amounts, are not so objectionable. 
Ten grams of oil were weigjied into an Erlemmeyer 
flask and added 50 cc, of ethyl alcohol which has 2 
or 3 drops of phenolphthalein added and brought to a 
very faint pink with l/lO normal potassium hydroxide 
solution, ,Jvhe oil was then heated to boiling and 
agitated well, then the hot solution was titrated with 
l/lO normal potassium solution. 
The calculations were to determine the number of 
milligrams of potassium hydroxide required to neutralize 
the free acids present per gram of oil. 
DATA AND RESULTS 
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The data and results that were secured were recorded 
and are tabulated below in such a manner that each oil can be 
compared with the other. There were three tests given each 
experiment. These tests were made at different times to show 
the varying effect of the same oil at different times. Test 
one and two of each experiment were made at the same time while 
test three was made a few days later. The results of the boil-
ing point that were found are shown in Table I. 
Boiling Point. 
Table I 
OIL TEST ONE TEST TWO TEST THREE A V E R A G E 
A 190° 191° 190° 190.35° 
B 188° 188° 189° 188.33° 
C 195° 194° 196° 195.00° 
Table I shows that oil G has the highest boiling point 
and that oil B has the lowest, which shows that oil B is the 
best, oil G holds second place and that oil A had the lowest 
rating. 
In Table II there are several things that can be noticed. 
In this test, Specific Gravity, oil A ranks first and oil B 




OIL TEST ONE TEST TWO TEST THREE A V E R A G E  
A .8793 .8793 .8793 .8793 
B .8655 .8655 .8655 .8655 
G .7998 ,7996 .7997 .7997 
Table III shows the result of the flash and. fire test. 
Table III 
Flash and Fire. — 
FIRST TEST SECOND TEST THIRD TEST A V E R A G E  
OIL FLASH FIRE FLASH FIRE FLASH FIRE FLASH FIRE 
A 202° 245° 203° 242° 202° 244ir° 202.3° 243.53° 
B 203° 248° 204° 247° 203.5° 247.5° 203.5° 247.5° 
G 200° 235° 201° 
0 
236 
O 0 200.5 235 200.5° 235.33° 
It was interesting to note that the flash point of all 
the oils ranged within three points or degrees of each other 
and that the fire point kept well within the range of thirteen 
degrees of each other, which shows that the fire and flash 
points of the oils tested was practically the same. Oil B 
having the highest, A held an unquestionable second with G 
having the lowest. 
Table IV gives the results of the acidity tests. The 
variation in the amount of free acids in the oils was very 
high. This is thought to be due to the different processes 
in the refining of the oils. 
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Table IV 
Free Acids. 
OIL TEST ONE TEST TWO TEST THREE A V E R A G E  
A .0028 .00285 .00275 .0028 
B .0024 .0024 .00245 .002416 
C .0019 .0019 .00195 .001916 
The tests showed that oil A had the greater amount of 
free acid, then B, and last was G with the lowest amount of 
free acids. 
The results of the Gonradson Carbon Residue Tests are 
shown in Table V, The formula for determining the percent 
is as follows: 
Weight of Carbon x 100 " Percent of Carbon 
Weight of Oil 
The weights we re determined as follows: 
1. Weight of crucible empty. 
2. Weight of crucible plus oil. 
3 .  (1 )  Min u s  ( 2 )  equa l s  w e igh t  o f  o i l .  
4. Weight of crucible and oil after heating. 




OIL TEST ONE TEST TWO TEST THREE AVERAGE 
Wt. of Oil 11.626 













OIL TEST ONE TEST TV/0 TEST THREE AVERAGE 
Wt. of Oil 12.729 













OIL TEST ONE TEST TWO TEST THREE AVERAGE 
Wt. of Oil 11.362 











In the carbon residue there was one table above for 
each oil. It was shown by this experiment that oil B had 
the lowest percent of carbon, next was oil C, and A proved 
the one to have the largest amount of the undesirable 
element, carbon. 
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DISCUSSION AND CONCLUSION 
Each oil produced one or more qualities which are its 
outstanding characteristics for the purpose it serves. Oil 
A held to its credit one important characteristic, specific 
gravity. Specific gravity is important because during the 
high speeds of the motor the oil keeps it from wearing. 
Oil A proved the best of them all. 
Oil B was probably the best oil because it had two 
properties that were better than the other oils tested. 
Carbon residue which showed that there would be less carbon 
left in the motor when the oil was subjected to excessive 
heat. Plash and fire which showed temperatures must be 
very high before it would burn, ^his makes it important 
because high temperatures do not effect this oil very much. 
Oil C put one to its credit and that was boiling point 
which showed that this oil is also gp od when used at high 
temperatures. 
In conclusion it is found that oil A is the best in 
cold weather where low temperatures and great adhesion force 
is needed. B and C proved to be the best to use in hot 
weather when high temperatures prevail, but oil B is the 
best of the two due to the low carbon content. 
31 
A low carbon content is always a sign that the oil has 
some good qualities, because carbon is the greatest enemy 
that motors have. Carbon decreases the efficiency of a 
motor. 
These oils are classed by their outstanding features 
yet each can be used because the i l l  effect they produce 
by their bad qualities are too small.  
FIRST PLACE OIL A* 
SECOND PLACE OIL B* 
OIL C* THIRD PLACE 
The Commercial names for each of the oils A, B, C, can 
be secured from the author. 
- 32 -
B I B L I O G R A P H Y  
Bell, H. S# American Petroleum Refining 
Hew York, 1930 - D. Van Nostrard do, Inc. 
Parr, S, W. The Analyses of Fuel, Gas, Water and Lubricants 
McGraw-Hill "Book Cor, N. i # , 1927 ~ 
Slosson, E. D, Creative Chemistry 
Century Book Co., H. Y'., 1919 
